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Abstract: Weed competition is one of the most important production constraints causing up to 91.6% reduction in potential
yield of cowpea. Therefore, an experiment was conducted at Sirinka and at Jari, northern Ethiopia, during the 2014 main
cropping season: to evaluate the effect of planting pattern and frequency of weeding on weeds, yield components and yield of
cowpea. There were 18 treatments comprising combination of three planting patterns (S1: 60 cm x 10 cm, S2: 45 cm x 15 cm,
S3: 45 cm x 10 cm) and six weeding frequencies viz. one hand weeding and hoeing at 2 weeks after crop emergence (WAE),
one hand weeding and hoeing at 3 WAE, one hand weeding and hoeing at 4 WAE, two hand weeding and hoeing at 2 and 5
WAE, weed free check, and weedy check. The treatments were arranged in factorial combination in a randomized complete
block design with three replications. Results showed significantly lower total weed dry weight at Sirinka than at Jari. The
highest weed control efficacy was recorded in two hand weeding and hoeing at 2 and 5 WAE of cowpea at Sirinka. The plants
in weedy check plots at Jari attained maximum height which was significantly higher than all the other treatments.
Significantly highest number of pods per plant was recorded in weed free check under 60 cm x 10 cm spacing at Jari. Number
of seeds per pod was highest in weed free check at 45 cm x 10 cm spacing at Sirinka. The interaction of weeding frequency
and location had significant effect on cowpea dry biomass yield. The highest total dry biomass (12413 kg ha™) was obtained in
one hand weeding and hoeing at 4 WAE at Jari while the highest grain yield (4508 kg ha™') was recorded from complete weed
free under 60 cm x 10 cm spacing at Sirinka. The harvest index ranged from 18.2% in weedy check at Jari to 39.1% in weed
free check at Sirinka. The results indicated that the use of 60 cm x 10 cm planting pattern in combination with hand weeding
and hoeing at 3 WAE at Sirinka and hand weeding and hoeing at 4 WAE at Jari proved to be the most feasible practice.
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contribution to nutrition and food security, cowpea is also
major sources of income for smallholder farmers especially
women [3]. Cowpea fixes atmospheric nitrogen through
symbiosis with nodule bacteria [4]. It does well and is most
popular in the semi-arid tropics where other food legumes do
not perform well [5]. Thus it is an extremely resilient crop to
moisture stress and cultivated under some of the most
extreme agricultural conditions in the world [6].

The need to provide food in the right quantity and quality
and at affordable price remains a priority in most of the

1. Introduction

Cowpea [Vigna unguiculata (L.) Walp.] is one of the most
important food and forage legumes in the semi-arid tropics
that include parts of Africa, Asia, Central and South America,
Southern Europe, and Southern United States [1]. Both grain
and leaves are edible products of cowpea that are rich and
cheap sources of high quality protein. They supplement to the
lower quality cereal or root and tuber protein commonly
consumed in tropical Africa [2]. In addition to its
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developing countries, where the bulk of agricultural
production is largely in the hands of peasant farmers.
Constraints faced by this category of farmers include the use
of poor plant genetic materials and inadequate crop
agronomic practices [7].

Weeds are a permanent constraint to crop productivity in
agriculture and compete for nutrients, space, light and exert
lot of harmful effects by reducing the quality as well as
quantity of the crop, if the weed populations are left
uncontrolled [8]. There are different views about the
magnitude of yield losses due to weeds, but it is an
established fact that weeds cause heavy losses to crops. One
of the components of improved production technology is
appropriate weed control, because weeds are of serious
concern for obtaining higher yield [9]. Cowpea yield loss due
to weed interference was described up to 96%, which
indicates the importance of weed management in this crop
[10]. However the reduction in yield of cowpea depends on
the weed species, weed density and weed dry biomass [11].

To fully exploit the potential of improved varieties and
available natural and environmental resources, optimum
agronomic practices like planting pattern, weeding frequency
and weed management aspects are crucial as an improved
variety alone cannot give maximum yield [12]. The response
of crops to planting pattern tended to be less in the low as
compared to the high yielding environments. This can also
depend on soil type, management practices like seedbed
conditions and soil moisture, sowing depth, sowing date,
fungicide dressings of seeds, presence of weeds and seasonal
rainfall [13]. Optimum planting pattern depends on the size
and nature of the crop. Planting pattern should be adopted in
such a manner that minimum space is left at the disposal of
weeds so that they cannot grow in a normal phase. Closely
spaced crop provided good smothering potential on weed
growth and development due to less availability of space for

growth and development, and also well distribution of
seedlings per unit area. Thus, weeds can be controlled by
using appropriate planting pattern and frequency of weeding.

There is no simple method to controlling weeds of all
forms: different kinds of social, economic and environmental
factors influence the choice of control method to be used.
Although conventional methods, like hand weeding and
herbicide application are effective in weed control, they are
uneconomical due to higher cost of labor and hazardous
effects of the herbicides to the environment [14].

Thus, this study was conducted to evaluate the effect of
planting pattern and frequency of weeding on weeds,
nodulation, yield components and yield of cowpea.

2. Materials and Methods
2.1. Description of the Study Area

The experiment was conducted at Sirinka Agricultural
Research Center experimental sites at Jari (11°21°N latitude
and 39°38’E longitude; 1680 m. a. s. L. altitude) and Sirinka
(11°45°00” N latitude; 39°36°36”E longitude; 1850 m. a.s.l.
altitude) in northern Ethiopia in the 2014 main cropping
season (July to October). Soil sample preparation and
analysis was done at Sirinka Agriculture Research Center.
The soil of the experimental fields was clay loam and clay
with the pH of 6.95 and 6.91 at Sirinka and Jari, respectively.
At Sirinka, the organic carbon was 1.37%, total N was
0.09%, available P was 12.17 mg kg and CEC was 53.44
cmolc kg while respective values at Jari were 1.33%,
0.07%, 9.17 mg kg and 33.44 cmolc kg (Table 1). The
total seasonal rainfall received during the 2014 cropping
season was 750.4 mm and 589.1 mm at Sirinka and Jari with
mean maximum and minimum temperatures of 28.6 and
14.7°C, and 29.6 and 15.8°C, respectively (Figure 1).
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Figure 1. Monthly mean maximum and minimum temperatures (°C) and total rainfall (mm) at Jari and Sirinka in 2014 cropping season.
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Experimental Materials

The cowpea variety Asrat (IT 92KD-279-3) released by
SRARC/ARARI in 2001 was used in these experiments. The
variety adapts well in moisture stress areas in the North East
of Wollo and similar low land areas. This variety is suitable
for an altitude range of 1450-1850 m.a.s.l. and rainfall of
660-1025 mm. It is bush and trailing type I. It attains
maturity in 95-100 days.

2.2. Treatments and Experimental Design

There were 18 treatments comprising combination of three
planting patterns viz. 60 cm x 10 cm (S1), 45 cm x 15 cm
(S2), 45 cm x 10 cm (S3) and six weeding frequencies; one
hand weeding and hoeing at 2 weeks after crop emergence
(WAE), one hand weeding and hoeing at 3 WAE, one hand
weeding and hoeing at 4 WAE, two hand weeding and hoeing
at 2 and 5 WAE, weed free check and weedy check. The
treatments were arranged in factorial combination in
randomized complete block design with three replications.

2.3. Experimental Procedure and Management

The experimental field was ploughed to get a fine seedbed
using tractor and the plots were leveled manually. The plot
size was 3.6 m x 2. 4 m (8.64 m?). The path way between
replications and plots were 1.0 and 0.5 m, respectively to
facilitate movement to different plots for various operations
and data recording. The treatments were assigned to each plot
randomly. The cowpea variety Asrat was planted at inter- and
intra- row spacing of as per the treatments on the 8" July and
13™ July, 2014 at Jari and Sirinka, respectively. Fertilizer
(100 kg DAP; 18 kg N+46 kg P,Os ha™) was applied
uniformly to each plot at the time of planting. The outermost
one row from one side and two rows from another side in
plots having 60 cm inter row spacing while two rows from
each side of the plots having 45 cm inter row were
considered as border. From the end point of each row 3 plants
in plots having 10 cm intra row spacing and 2 plants in 15 cm
intra row spacing were considered as border. Thus the net
plot was 1.8 m x 1.8 m (3.24 m?). The crop was harvested on
October 15 and 25, 2014 at Jari and Sirinka, respectively. The
harvested produce was sun dried for 7-10 days and then
threshing and winnowing was done subsequently.

2.4. Data Collection and Analysis

Weeds

For aboveground weed dry weight, the weeds falling within
the quadrat were cut near the soil surface immediately after
taking observation on weed count and placed treatment wise
into paper bags. The samples were sun dried for 3-4 days and
thereafter were placed in an oven at 65°C temperatures till a
constant weight and subsequently their dry weight was
measured. The dry weight was expressed in g m™.

Weed Control Efficiency (WCE): It indicates the
comparative magnitude of reduction in weed dry matter and
was calculated as

WDC — WDT
WwDC

Where WCE= Weed Control Efficiency, WDC=Weed dry
matter in weedy check, WDT= Weed dry matter in a
particular treatment

Crop

Plant height (cm) was taken with a meter from 10
randomly selected and pre tagged plants in each net plot area
from the base to the apex of the main stem at physiological
maturity. Number of pods plant”’ was taken from the total
pods of the above tagged plants at harvest. The total number
of seeds from the above pods was taken and counted to
average the number of seeds pod™. Out of these seeds, 100
seeds were counted and their weight (g) was recorded and
adjusted at 10.5% moisture content. Harvest index (%) was
determined by harvesting ten plants in each plot at
physiological maturity and their dried aboveground biomass
was recorded and then as grain yield divided by the
aboveground dry biomass. Treatment wise per plant dry
biomass weight was multiplied by the number of plants in
respective treatments. This was considered as the
aboveground biomass dry weight. The grain weight obtained
in ten plants was added to the final yield. The grain yield (kg
ha™') was measured after threshing the sun dried plants
harvested from each net plot and the yield was adjusted at
10.5% seed moisture content.

Yield loss (%): The loss in seed yield was determined as a
percentage of the difference between weeded plots (complete
weed free) and yield in a particular treatment using the
formula

WCE = x 100

YL = (Y1—Y2)/Y1X 100

Where, YL=Yield loss, Y1= Yield in complete weed free
(CWF), Y2=Yield in a particular treatment

Data on weed density and weed dry biomass; crop
phenology, growth, yield attributes and yield were subjected
to analysis of variance using GenStat 15.0 computer software
[15]. Fisher’s protected Least Significant Difference (LSD)
test at 5% level of significance was used to separate the
differences among treatment means (P < 0.05) [16]. As the F-
test of the error variances for the parameters of the two sites
was homogeneous, combined analysis of data was used.

3. Results and Discussion
3.1. Weed Parameters

3.1.1. Weed Dry Biomass

Weed dry biomass at first hand weeding

The interaction of weeding frequency and planting pattern
revealed that one hand weeding and hoeing at 3 WAE along
with 60 cm x 10 cm planting pattern gave the lowest weed
dry weight (27.20 gm'z) which was significantly lower than
all the other interactions, except the interaction of one hand
weeding at 3 WAE, 4 WAE, and two hand weeding at 2 and 5
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WAE under 45 cm x 15 cm spacing and weedy check under
all the spacings (Table 5). Thus, the results revealed no
significant difference in weed dry weight between 60 cm x
10 cm and 45 cm x 10 cm spacing under all the weed
management practices. In contrast, under weedy check no
significant difference existed between 45 cm x 15 cm and 45
cm x 10 cm spacing and which was significantly reduced
compared to 60 cm x 10 cm spacing. However, uncontrolled
weed infestation resulted in significantly higher weed dry
weight. The higher weed dry weight in weedy check might be
due to higher weed density that provided an opportunity to
the weeds to compete vigorously for nutrients, space, light,
water and carbon dioxide resulting in higher biomass
production (Table 5).

On the other hand, weed dry matter accumulation at
Sirinka was significantly higher than at Jari under the
influence of all the weed management practices. Moreover,
among hand weeding treatments no significant difference

was observed on weed dry weight at Jari, while at Sirinka
delay in hand weeding (4 WAE) resulted in significant
increase over early hand weedings (Table 5).

As the number of weeks after crop emergence for first
hand weeding increased from one hand weeding and hoeing
at 2 WAE to one hand weeding and hoeing at 4 WAE, dry
weight accumulation by the weeds also increased. This could
also be attributed to the potential of these treatments to
control weeds beyond the critical period of cowpea growth.
This implies that, late weeding results in crop losses,
especially if it is carried out after the critical period of weed
competition. The result of this experiment was in agreement
with [17] who stated that growth of weeds during the first 40
days of crop growth reduced cowpea yields by 59%. Where
weeds competed for the first 10 days only, it was reduced by
6%. The critical period for weed competition in cowpea was
between 20 and 40 DAE [18].

Table 1. Interaction effect of location with weed management practices and planting pattern with weed management practices on total weed dry biomass (g m’

%) at first weeding in 2014 cropping season.

Location (L)

Planting pattern (P)

Jari Sirinka S1 S2 S3
Weeding frequency (W)
One hand weeding and hoeing at 2 WAE 48.5¢ 23.4" 40.8%f 34.7%f 32.4°F
One hand weeding and hoeing at 3 WAE 53.8° 20.5" 27.2° 45.4% 38.9%f
One hand weeding and hoeing at 4 WAE 57.6> 38.0% 38.5%f 65.6" 39.34f
Two hand weeding and hoeing at 2 and 5 WAE 52.4° 26.7° 28.5° 49.8% 40.3%*
Weed free check 0.00° 0.00° 0.00¢ 0.00¢8 0.00¢
Weedy check 98.5" 68.9 98.7° 77.7° 74.8°
LSD (5%) x W/ Px W 13.2 16.2
CV (%) 34.5

Means in columns and rows followed by the same letter(s) are not significantly different at 5% level of significance; LSD= Least significant difference; CV=

Coefficient of variation

The influence of interaction of location with weeding
frequency indicated that the highest weed dry weight was
observed with two hand weeding 2 and 5 WAE which was
statistically at par at Jari but was significantly higher than all
the weeding frequencies at Sirinka. Significantly lower weed
dry weight was observed at Sirinka than at Jari under all the
weeding frequencies (Table 1).

Weed dry biomass at harvest

The lowest total weed dry weight (48.8 g m™) was
recorded with the combination of 60 cm x 10 cm planting
pattern and two hand weeding and hoeing at 2 and 5 WAE at
Sirinka (Table 6). However, it did not differ significantly

with the combination of all planting patterns with one hand
weeding done at 2 WAE and 3 WAE, and two hand weeding
done at 2 and 5 WAE as well as the interaction of one hand
weeding at 4 WAE when planted in 60 cm x 10 cm and S3 at
Sirinka. The variable difference in weed dry weight under
different planting pattern might be due to modification of
crop canopy structure which in turn reduced the light
transmittance to ground to stimulate weed growth as reported
by [19]. Further, a high weed density (Table 2) recorded
under a particular interaction effect might have invariably
contributed to high weed dry weight that could be attributed
to low ground cover by cowpea canopy.

Table 2. Interaction effect of location, planting pattern and weeding frequency on weed dry weight (g m™) at harvest in 2014 cropping season.

Location (L) Jari Sirinka

Planting Pattern (P) S1 S2 S3 S1 S2 S3
Weeding frequency (W)

One hand weeding and hoeing at 2 WAE 539.3¢ 537.4° 564.9 64.5" 67.6™° 67.1-°
One hand weeding and hoeing at 3 WAE 509.02 512.2f% 530.1¢ 49.5™ 61.7™° 67.0™
One hand weeding and hoeing at 4 WAE 458.0' 474.5" 567.1¢ 66.0" 68.8"" 64.8"
Two hand weeding and hoeing at 2 and 5 WAE 488.5" 492 8% 426.7 48.8° 59.1™° 66.9"°
Weed free check 0.0° 0.0° 0.0° 0.0° 0.0° 0.0°
Weedy check 683.7° 738.5° 713.2° 83.34 88.9" 75.3%m
LSD (5%) Lx Px W 19.8

CV (%) 47

Means in columns and rows followed by the same letter(s) are not significantly different at 5% level of significance
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The highest weed dry weight (738.5 g m™) was recorded in
the weedy check and S2 at Jari which was significantly
higher than all the location x planting pattern x weeding
frequency interactions. It was also observed that the weeds in
weedy check plots accumulated higher dry weight under all
the planting patterns than the other interactions at both
locations. Dry weight of weeds is a better criterion of weed
and crop competition. Higher dry weight of weeds reflects
more utilization of soil and environmental resources. The
data on weed dry weight in all weed management practices
showed significant decrease as compared to weedy check
(Table 2). The uninterrupted growth of the weeds might have
offered severe competition to the crop thereby interfering in
the utilization of various growth factors. These results are in
accordance with the findings of [20] who reported decrease
in weeds dry weight due to different weed management
practices in mung bean.

Further, it was revealed that the weed dry weight was
significantly lower at Sirinka than at Jari under all the
treatments. The variation in results from location to location
and year to year might often be because of environmental
conditions especially soil and air temperature, along with soil
moisture content and rainfall before, during and after
initiation of competition. Furthermore, high infestation by
late emerging X. strumarium at Jari seemed to increase the
weed dry weight significantly. The increase in weed dry
weight could also be attributed to frequent reoccurrence and
persistent characteristics of weeds under Jari conditions.

3.1.2. Weed Control Efficiency
The highest weed control efficiency (41.5%) was recorded

with two hand weeding and hoeing at 2 and 5 WAE followed
by one hand weeding and hoeing at 3 WAE (40.4%) observed
under 60 cm x 10 cm spacing at Sirinka. However, these
were statistically at par with the interaction of one hand
weeding and hoeing at 4 WAE, and two hand weeding and
hoeing at 2 and 5 weeks after crop emergence under 45 cm x
10 cm and 45 cm x 15 cm spacing, respectively at Jari.
Therefore, at Sirinka one hand weeding done at 3 WAE or
two hand weeding done at 2 and 5 WAE under 60 cm x 10
cm plant spacing, and one hand weeding at 4 WAE under 45
cm x 10 cm and two hand weeding at 2 and 5 WAE under 45
cm x 15 cm at Jari seemed to provide good weed control
leading to higher weed control efficiency. The lowest weed
control efficiency (10.9%) was observed in 45 cm x 10 cm
spacing when one hand weeding was done each at 2 WAE
and 3 WAE at Sirinka. However, it did not differ significantly
with the other weeding frequencies under the same planting
pattern at the same location (Table 3).

Higher weed control efficiency indicated better weed
control thus the maximum weed control efficiency recorded
in 60 cm x 10 cm spacing might be due to more competition
offered by cowpea for growth resources, early space covering
and better light interception. Thus, low weed density and
weed dry weight indicated to high weed susceptibility to the
crop at Sirinka. In contrast, at Jari the closer row spacing
irrespective of intra row spacing provided better weed
control. However, partially this might have occurred due to
significant differences in weed dry matter accumulation
among the interactions of weedy check with planting pattern
at Jari (Table 3).

Table 3. Interaction effect of location, planting pattern and weeding frequency on weed control efficiency (%) in 2014 cropping season.

Location (L) Jari Sirinka

Planting Pattern (P) S1 S2 S3 S1 S2 S3
Weeding frequency (W)

One hand weeding and hoeing at 2 WAE 2118 27.20¢ 20.8" 22.4% 23,5 10.9'
One hand weeding and hoeing at 3 WAE 25.5¢ 30.6%% 25.7°" 40.4° 30.3% 10.9'
One hand weeding and hoeing at 4 WAE 33.0¢ 37.7% 20.5° 20.6" 22.3% 13.8'
Two hand weeding and hoeing at 2 and 5 WAE 25.5%h 33.3% 40.2" 41.5° 3318 1.1
Weed free check 100.0° 100.0° 100.0° 100.0° 100.0° 100.0°
Weedy check 0.0" 0.0" 0.0" 0.0" 0.0" 0.0"
LSD (5%) Lx Px W 6.2

CV (%) 11.3

Means in the same column and rows followed by the same letters are not significantly different at 5% level of significance

3.2. Crop Parameters

3.2.1. Growth Parameters

Plant height

The data revealed significant reduction in plant height
under respective weeding frequencies at Sirinka compared to
Jari. Higher plant height at Jari than at Sirinka might be
attributed to differences in weather conditions especially
temperature, whereby Jari had probably more conducive
environmental conditions for growth and development of
weeds. Under such conditions, plants might grow taller to
compete for light. The observed increase in plant height in
presence of severe weed interference can be due to intense

competition between weeds and crop plants and their desire
to get light energy. The plants at Jari attained significantly
higher height in weedy check plots than all the other
treatments. The lowest plant height (54.1 cm) was obtained
with one hand weeding and hoeing at 4 WAE at Sirinka
which was significantly lower than all the treatments at Jari
and weedy check at Sirinka (Table 4).

This result was in line with the findings of [21] who
observed that cowpea height is dependent on weed control
treatments in Nigeria. Higher plant height obtained in weedy
check plots at both locations might be due to the competition
offered by the weeds throughout the season especially to
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light. Thus, such competition might have resulted in
enhanced plant height.

Table 4. Interaction effect of location and weeding frequency on plant height
(cm) of cowpea in 2014 cropping season.

Location (L)

Jari Sirinka
Weeding frequency (W)
One hand weeding and hoeing at 2 WAE 70.1° 57.8%
One hand weeding and hoeing at 3 WAE 73.4° 56.8%
One hand weeding and hoeing at 4 WAE 73.6° 54.1¢
Two hand weeding and hoeing at 2 and 5 WAE 69.0° 57.3%
Weed free check 70.7° 59.0%
Weedy check 85.7° 62.7°
LSD (5%) Lx W 6.1
CV (%) 9.9

Means within columns and rows having the same letter(s) are not
significantly different at 5% level of significance

There was no significant effect of planting pattern on plant
height which was in accord with that of [22] who also found no
significant effect of plant density on plant height of cowpea. In
contrast, [23] found the tallest plants from closer row spacing in
cowpea. Similar results were reported by [24], [25] and [26],
who indicated that the denser plant population increased the
plant height due to competition among plants in faba bean. In
field pea, [27] indicated that denser plant population increased
plant height due to competition among plants. This might be due
to close row spacing, the space for plant spreading was less and
hence plant height increased significantly. On the other hand, in
chickpea, [28] also observed reduction in plant height under
closer row spacing. The variable results with denser population
among the crops may be due to difference in canopy structure
and /or the growth habit.

3.2.2. Yield Components, Yield and Harvest Index
Number of pods plant”
Significantly higher number of pods plant” (23.8) was

116

recorded with the combination of 60 cm x 10 cm planting
pattern and weed free check at Jari than the other interactions
(Table 5). It was followed by one hand weeding and hoeing
at 3 WAE under S2 at the same location. However, this
treatment was statistically in parity with that of 45 cm x 10
cm planting pattern with weed free check at Jari, and
interaction of all planting patterns with weed free check as
well as the interaction of two hand weeding and hoeing at 2
and 5 WAE with S2 at Sirinka. Planting pattern and weeding
frequency, weed free check under all the planting patterns
had no significant difference with each other at Sirinka. In
general, the higher number of pods plant” in weed free check
might be due to the absence of competition from weeds as
the plots were kept weed free throughout the cropping
season. The easily accessible factors (nutrient, moisture and
light) for individual plant might have also helped to retain
more flowers and higher net assimilation rate in the absence
of competition from weeds. Planting pattern had no
significant effect on number of pods when hand weeding was
resorted either at 3 WAE or 4 WAE, and, weed free check at
Sirinka. However, at Jari similar results were observed with
hand weeding and hoeing at 4 WAE and complete weed free.

Also the development of more and vigorous leaves under
low weed infestation might have helped to improve the
photosynthetic efficiency of the crop that supported large
number of pods [29]. This might have resulted in significant
increase in number of pods plant” in some over the other
interactions. Likewise, [30] stated that the number of pods
produced per plant or maintained to final harvest depends
on a number of environmental and management practices.
Similar results were reported on chickpea by [31]; [32] and
[33] where weed interference decreased number of pod
plant™. Also other studies on mung bean indicated that with
the decrease in weeds biomass number of pods plant’
increased [34].

Table 5. Interaction effect of location, planting pattern and weeding frequency on number of pods plant” of cowpea in 2014 cropping season.

Location (L) Jari Sirinka

Planting Pattern (P) S1 S2 S3 S1 S2 S3
Weeding frequency (W)

One hand weeding and hoeing at 2 WAE 9.7° 17.7%" 14.19™ 13.4 17.5% 13.3%
One hand weeding and hoeing at 3 WAE 19.2>f 20.9 12.7™ 15.4"* 15.17 13.57
One hand weeding and hoeing at 4 WAE 14,7 14.6™ 14.4™ 15.0™ 13.4" 15.4%
Two hand weeding and hoeing at 2 and 5 WAE 17.8%" 15.9¢9 13.1% 17.5% 18.7>f 12.3™
Weed free check 23.8° 18.3® 20.1°° 20.6" 20.3%¢ 18.6""
Weedy check 9.1° 5.8° 5.2° 11.0™ 15.0" 12.5Mmn
LSD (5%) Lx Px W 2.5

CV (%) 10.3

Means in the same column and rows followed by the same letter(s) are not significantly different at 5% level of significance

Weed competition throughout the crop season resulted in
lowest number of pods (5.2 pant') when cowpea was planted
in S3, which was statistically at par with weedy check under
S2 at Jari. Both these interactions resulted in significant
reduction in number of pods plant” than the other location,
planting patterns and weeding frequency interaction effects.
Significantly lowest number of pods plant” in weedy check
might be due to solar light limitation that decreased the N-

fixation capability of the crop. In general, the increase in the
number of pods plant™ in wider row spacing might be due to
vigorous plants as in wider spacing; plant grew vigorously
that might produce more branches resulting in high number
of pods per plant. On the other hand, in closer row spacing in
this case higher density (45 cm x 10 cm), the plant growth
was decreased which resulted in less number of pods per
plant. In line with this result, [35] reported that number of
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pods plant’ was significantly reduced with the increase in
plant densities. Similar results were reported in field pea by
[23], where they, found the highest number of pods plant” in
wider row spacing as compared to closer spacing. In soybean
also the number of pods per plant increased with
corresponding increase in row spacing. This increase of pods
per plant in wider row spacing might be because, at wider
row spacing the number of nodes and branches increased
[36] providing more fruit bearing area. [37], found that with
increasing plant density pods per plant decreased
accordingly. [38], found that pods per plant were less at
narrower row spacing and comparatively more at wider row
spacing.

The results of this experiment somewhat contradicts the
findings of these authors as S2 had the lowest plant density.
However, the difference in results might have been governed
more by planting pattern than density. Moreover, the results
of above authors were based on inter row spacing rather than
a combination of inter- and intra- row spacing. Furthermore,
differences in soil types, weather conditions, weed species
and their densities might have also bearing on yield attributes
of crops.

Number of seeds pod”’

The highest number of seeds pod™” (14.8) was obtained
under weed free conditions in 45 cm x 10 cm planting pattern

at Sirinka, while the lowest number of seeds pod™ (6.6) was
obtained with the combination of weedy check and S2 at Jari.
The lowest number of seeds pod’' thus obtained was
statistically at par with the one obtained from weedy check
and 45 cm x 10 cm planting pattern at the same location
(Table 6). [39] reported that the number of seeds was affected
due to weed infestation. According to [40], more weed
suppression provided better crop growth for more grain
formation.

This difference in the number of grains might therefore be
due to weed suppression which resulted in more translocation
and assimilation of photosynthates towards grain formation
[41]. In line with this, [42] and [43] also reported that
number of seeds pod”’ of common bean was significantly
reduced with the increased weed infestation and significantly
increased with the weed free period. Moreover, in complete
weed free treatment, the pods were healthy and completely
filled as against shriveled and few seeds in weedy check at
Jari. In contrast to this result, [44] and [45] reported no
significant effect of row spacing on number of seeds pod™ in
mung bean. Also, the results of this experiment are in
contrast with the results obtained by [46], who reported that
plant density was negatively related to number of seed pod™!
in faba bean.

Table 6. Interaction effect of location, planting pattern and weeding frequency on number of seeds pod” of cowpea in 2014 cropping season.

Location (L) Jari Sirinka

Planting Pattern (P) S1 S2 S3 S1 S2 S3
Weeding frequency (W)

One hand weeding and hoeing at 2 WAE 9.6 12.6° 11.35 12.24" 13.3%° 12.6""
One hand weeding and hoeing at 3 WAE 11.08 12.24" 12.6° 14.5% 13.5%¢ 12.6™"
One hand weeding and hoeing at 4 WAE 13.0°F 11.0%9 11.3% 13.2¢f 13.7+¢ 13.3%¢
Two hand weeding and hoeing at 2 and 5 WAE 12.4% 12.4%" 13.4%¢ 13.8%¢ 10.8" 13.6*¢
Weed free check 13.6*° 12.8"¢ 12.7"" 14.5% 13.5%° 14.8°
Weedy check 101 6.6' 828 13.5%° 13.6*° 11.7%
LSD (5%) Lx Px W 1.9

CV (%) 9.7

Means in the same columns and rows followed by the same letters are not significantly different at 5% level of significance

The number of seeds pod™ in general was more at Sirinka
than at Jari. This difference might be ascribed to the
differences in environmental conditions that prevailed at the
two locations resulting in prolonged grain filling period that
was 33 days at Sirinka as against 25 days at Jari. Moreover,
significantly lower weed density at Sirinka than at Jari might
have resulted in interception of more sunlight for enhanced
photo assimilation thus supporting more number of seeds
pod™.

Hundred seed weight

The uppermost 100 seed weight (13.9 g) was obtained
under weed free environment at Sirinka which was
statistically at par with one hand weeding either at 3 WAE or
4 WAE at the same location. Similar findings were reported
by [47] and [48] where row spacing exhibited no significant
difference between different treatment combinations in
soybean. Hundred seed weight as a result of these treatments
was significantly higher than all the weeding frequency
treatments at Jari. The plants under complete weed free

environment were free from weed competition that might
have enhanced the availability of nutrients and better
translocation of photosynthates from source to sink resulting
in higher accumulation of photosynthates in the seeds.

Table 7. Interaction effect of location and weeding frequency on hundred
seed weight (g) of cowpea in 2014 cropping season.

Location (L)

Jari Sirinka
Weeding frequency (W)
One hand weeding and hoeing at 2 WAE 12.4% 13.1%
One hand weeding and hoeing at 3 WAE 12.1¢ 13.8*
One hand weeding and hoeing at 4 WAE 11.7% 13.5%®
Two hand weeding and hoeing at 2 and 5 WAE 12.1¢ 13.1%
Weed free check 12.7¢¢ 13.9°
Weedy check 1.1t 11.5%
LSD (5%) Lx W 0.5
CV (%) 4.2

Means in the column and rows followed by the same letters are not
significantly different at 5% level of significance
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These results were in line with the previous research
conducted by [49] who found that 100 seed weight was
increased with reduced weed infestation in mung bean.
Similar results were reported on chickpea by [50], [31], [32]
and [33] where weed interference decreased simultaneously
number of pods plant”" and 100 seed weight. Further, it was
found that except weedy check under all the weeding
frequencies, the hundred seed weight was significantly higher
at Sirinka than at Jari (Table 7).

Grain yield

The greatest grain yield (4508 kg ha™') was obtained as a
result of interaction of complete weed free under 60 cm x
10 cm planting pattern at Sirinka which was statistically at
par with the yield obtained in complete weed free under 45
cm x 15 cm and 45 cm x 10 cm planting patterns at the
same location and 60 cm x 10 cm planting pattern at Jari.
The results also demonstrated that there was no significant
difference in yield due to planting pattern at Sirinka as well
as at Jari when the crop was raised under weed free
environment. Similarly, [S1] observed no effect of row
spacing on white bean and soybean yield when crops were
grown under weed free environments, while others
observed a positive yield response under narrower spacing
([52]; [53].

The yield obtained at Sirinka under the influence of weed
free check and 45 cm x 15 cm interaction was statistically at

par with one hand weeding at 3 WAE, and two hand weeding
at 2 and 5 WAE under 60 cm x 10 cm planting pattern at the
same location. This could be attributed to the combined
ability of planting pattern and hand weeding done at a
particular crop stage to control weed beyond the critical
period of cowpea growth. Further, the results depicted that
with one hand weeding done at 2 WAE and 3 WAE, the grain
yield was significantly higher at Sirinka than at Jari under
respective planting patterns (Table 7). Similar trend was also
noticed under weedy check. Significantly higher weed
density and dry weight at Jari than at Sirinka might have
contributed to severe weed competition resulting in
significant reduction in yield (Table 8).

Reduced crop weed competition due to effective weed
control by various treatments resulted in its better growth and
development. This can be ascribed to the fact that the
effective control of weeds led to the favorable environment
for growth and photosynthetic activity of the crop. Therefore,
higher number of pods plant” (Table 5), seeds pod™ (Table 6)
and 100 seed weight (Tables 7) might have contributed to the
significantly higher grain yield in these treatments. Similar
results were obtained by many workers [54]; [55] and [56]
where they reported that the impact of weeds on yields of
crops varied with the characteristics of crop, the weed
species, weed density, the environment, and the stage of crop
growth and duration of crop exposure to weeds.

Table 8. Interaction effect of location, planting pattern and weeding frequency on grain yield (kg ha™*) of cowpea in 2014 cropping season.

Location (L) Jari Sirinka

Planting Pattern (P) S1 S2 S3 S1 S2 S3
Weeding frequency (W)

One hand weeding and hoeing at 2 WAE 2184™ 2318™ 1566 3587°" 3041 3183
One hand weeding and hoeing at 3 WAE 2887% 28115 2723'm 3791 3746°¢ 3283
One hand weeding and hoeing at 4 WAE 3367% 3294 1969™° 3332k 29314 3386
Two hand weeding and hoeing at 2 and 5 WAE 3257¢% 2964 3377% 3837 3756°¢ 3384
Weed free check 3986 3683°" 34984 4508* 4285 4049"°
Weedy check 4281 307¢ 381¢ 1770 1768 1803
LSD (5%) Lx Px W 526.5

CV (%) 11.1

Means in the same columns and rows followed by the same letters are not significantly different at 5% level of significance

The overall weed management practices and planting
pattern proved effective in controlling weeds and
increasing the grain yield over weedy check. The lowest
grain yield in weedy check (Table 8) was as a result of
intense weed competition (Table 6). In agreement with this
result, [57] reported that controlling weeds and lesser
competition within the plant community could result in
utilization of the available resources efficiently, which in
turn is reflected in higher yield. [53] also opined better
translocation of photosynthates under lesser competition
among plants and this could be one of the reasons for
obtaining higher yields. [58] also reported higher yield of
crop as a result of yield contributing characters, lesser
number of weeds and better nutrient availability to the
crop. These results are in agreement with [59] and [60],
where low plant density produced a higher yield in faba
bean. However, these results are in contrast with [25], [61]
and [62], who reported high yields of faba beans at higher

planting density.

Aboveground dry biomass yield

The maximum aboveground dry biomass yield (12413 kg
ha™') was obtained with one hand weeding and hoeing at 4
WAE at Jari which was not significantly different from one
hand weeding and hoeing at 3 WAE and complete weed free
at the same location, and except weedy check at Sirinka
(Table 9). The weedy check at Jari resulted in the lowest
aboveground dry biomass yield (2089 kg ha™) of crop which
was significant compared to other location and weeding
frequency interactions. On the other hand, while comparing
the aboveground dry biomass yield at Sirinka, the weedy
check also resulted in significantly lower aboveground dry
biomass yield than other interactions. However, this had
statistically at par yield with one hand weeding at 2 WAE at
Jari. This result indicated that very early weeding at Jari may
not be beneficial for increasing aboveground dry biomass of
cowpea. It might be possible that the late germinating weed
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X strumarium might have suppressed the crop growth more
in this treatment than others.

Table 9. Interaction effect of location and weeding frequency on
aboveground dry biomass yield of cowpea (kg ha™) in 2014 cropping season.

Location (L)

Jari Sirinka
Weeding frequency (W)
One hand weeding and hoeing at 2 WAE 9197¢ 11752
One hand weeding and hoeing at 3 WAE 11514 12099
One hand weeding and hoeing at 4 WAE 12413° 11334
Two hand weeding and hoeing at 2 and 5 WAE 10843° 11570
Weed free check 11959" 11810
Weedy check 2089¢ 8134°
LSD (5%) Lx W 1386.1
CV (%) 14.2

Means in the columns and rows followed by the same letters are not
significantly different at 5% level of significance

[63] reported that the increased dry biomass weight of the
crop was highly governed by the length of weed free period.

However, high production of total dry matter might not
necessarily be of great value when the grain comprises a part
of the plant. The higher aboveground dry biomass yield at
one hand weeding and hoeing at 4 WAE might be due to
better condition in soil rhizosphere that improved the
competitive ability of the crop and favored more vegetative
growth.

Harvest index

It ranged from 18.2% in weedy check in Jari to 39.1%
from weed free check at Sirinka both under 60 cm x 10 cm
planting pattern. The highest harvest index thus observed
differed significantly with the rest of the combinations except
that of weed free check with S2 at the same location. The
results also demonstrated that at both the locations, the
harvest index under planting patterns did not differ
significantly in weedy check. Higher plant population
decreased harvest index due to more dry biomass than the
grain. Similar results were obtained by [64] who reported that
lower plant population tended to increase harvest index in
soybean.

Table 10. Interaction effect of location, planting pattern and weeding frequency on harvest index (%) of cowpea in 2014 cropping season.

Location (L) Jari Sirinka

Planting Pattern (P) S1 S2 S3 S1 S2 S3
Weeding frequency (W)

One hand weeding and hoeing at 2 WAE 2177 254 20.29° 30.1¢ 27.5" 27.7"
One hand weeding and hoeing at 3 WAE 26.0™ 2575 22.9™4 31.1%¢ 29.8°% 9.7¢
One hand weeding and hoeing at 4 WAE 23.4™P 28.95 18.8™ 29.1% 29.6% 27.5"
Two hand weeding and hoeing at 2 and 5 WAE 30.74" 31.4% 28.8"* 33.7%¢ 34.8 28.1¢!
Weed free check 31.8%F 30.9%¢ 32.2¢¢ 39.1° 36.4% 34.7%
Weedy check 18.2° 18.2° 18.3° 22.5%4 21.50" 22.3%
LSD (5%) LxPx W 3.1

CV (%) 6.9

Means in the columns and rows followed by the same letter(s) are not significantly different at 5% level of significance

Both at Sirinka and Jari weed free check gave significantly
higher harvest index compared to other weed -control
treatments. Harvest index varied significantly due to
differences in weed control treatments. Higher harvest index
implies higher partitioning of dry matter in grain and it was
higher at Sirinka than at Jari. In addition, variations in
environmental factors, and other cultural practices might
have influenced harvest index (Table 10).

Yield Loss

The lowest yield loss (6.4%) was recorded with two hand
weeding and hoeing at 2 and 5 WAE under 45 cm x 10 cm
planting pattern at Jari (Table 11). However, it was
statistically at par with the yield loss observed with the
interaction of the other planting patterns and two hand
weeding at 2 and 5 WAE, and one hand weeding at 4 WAE
under 60 cm x 10 cm and S2 at Jari. Similarly, it was also at
par with the combination of one hand weeding at 3 WAE, and
two hand weeding at 2 and 5 WAE under all the planting
patterns, and one hand weeding at 4 WAE under S3 at Sirinka
(Table 11). This indicated the beneficial effect of this

combination in controlling the weeds for achieving higher
yield. The results revealed significantly higher (89.3-91.6%)
yield reduction in weedy checks under the different planting
patterns at Jari. It was also found that the yield loss remained
statistically non-significant by the main effect of planting
patterns at both the locations. [56] reported that weed
infestation throughout the crop life cycle resulted in about 64
to 68% reduction in potential grain yield of cowpea. [64]
reported yield losses ranging between 50-86% due to
unchecked weed growth throughout the life cycle in cowpea.
Thus, the result showed that higher yield loss implied greater
yield loss due to weed competition.

On the other hand, the yield loss obtained as a result of full
season weed interference under different planting patterns at
Sirinka was similar to one hand weeding at 2 WAE under 45
cm x 10 cm spacing at Jari (Table 11). Thus, these results in
general indicated that at Jari, to prevent yield loss one hand
weeding at 4 WAE under 60 cm x 10 cm and S2 and at
Sirinka at 3 WAE under all the planting pattern can be
resorted.
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Table 11. Interaction effect of location, planting pattern and weeding frequency on yield loss (%) during the 2014 cropping season.

Location (L) Jari Sirinka

Planting Pattern (P) S1 S2 S3 S1 S2 S3
Weeding frequency (W)

One hand weeding and hoeing at 2 WAE 455 36.4% 56.5" 20.19 29.9°% 21.45
One hand weeding and hoeing at 3 WAE 27.9%" 2375 24.4% 15.7"* 13.4% 18.9¢*
One hand weeding and hoeing at 4 WAE 16.3"* 10.4M 450 25.7% 32.2¢ 16.4™%
Two hand weeding and hoeing at 2 and 5 WAE 18.7¢* 18.98% 6.44 14.8% 13.21% 16.3M*
Weed free check 0.0' 0.0' 0.0' 0.0' 0.0' 0.0'
Weedy check 89.3° 91.6° 89.4° 60.7° 59.3° 55.3%
LSD (5%) Lx Px W 12.5

CV (%) 27.2

Means in the columns and rows followed by the same letter(s) are not significantly different at 5% level of significance; S1=60 cm x 10 cm; S2=45 cm x 15
cm; S3=45 cm x 10 cm; WAE= weeks after crop emergence; LSD= least significant difference; CV= coefficient of variation

4. Conclusion

The combination of 60 cm x 10 c¢cm plant spacing and two
hand weeding and hoeing at 2 and 5 WAE gave lowest total
weed dry weight and highest weed control efficacy at Sirinka.
Weed infestation of weeds was more at Jari than at Sirinka.
Number of pods per plant and seeds per pod were significantly
influenced by the interaction of location, planting pattern and
weeding frequency. However, 100 seed weight was
significantly influenced by the interaction of location with
weeding frequency. When individual locations were
considered, there was no significant effect of planting patterns
under different hand weeding treatments at Sirinka while at
Jari wvariable results were obtained. Yield loss due to
uncontrolled weed growth was as high as 91.6% at Jari while it
was 60.7% at Sirinka in weedy check under 45 cm x 15 cm
and 60 cm x 10 cm plant spacing, respectively. The results in
general indicated that at Jari, to prevent yield loss one hand
weeding at 4 WAE under 60 cm x 10 cm and S2 and at Sirinka
at 3 WAE under all planting pattern can be resorted. Therefore,
managing the weeds with the use of 60 cm x 10 cm and one
hand weeding and hoeing at 3 WAE at Sirinka and one hand
weeding and hoeing at 4 WAE at Jari proved to be the most
feasible practice for cowpea production in the study area.
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